Introduction
Glomus jugulare tumor (GJT), a rare benign tumor, is a paraganglioma of the head and neck that is confined to the jugular fossa [1] . Although mostly benign and slowgrowing, GJT has a propensity for local invasion of adjacent structures. The initial clinical symptoms of GJT are scarce, so delays in diagnosis are frequent [2] [3] . Radiological imaging techniques, especially magnetic resonance imaging (MRI), are the major methods for the diagnosis of GJT. There are very few reports of ultrasound in the diagnosis of GJT, the GJT being located in the skull base [4] [5] . We present the case of a rare giant GJT, which extended within the internal jugular vein (IJV) and was detected by ultrasonography. We highlight the initial ultrasonographic findings of GJT and revised relevant literature.
Case report
A 61-year-old woman presented with a painless and gradually enlarging mass in her left neck for two years. The previous month, she had felt pulsatile tinnitus, dizziness, and hearing loss. A high frequency ultrasonography was performed and the ultrasound imaging revealed a giant hypoechoic mass in the left IJV. The mass was dumbbell-shaped and occupied the whole left IJV. The mass (more than 14 cm in length) was immobile and no erosions of the venous wall were detected. The upper end of the mass could not be found because it originated from the jugular foramen. The width of the mass was from 0.8 cm to 3.2 cm and the thinnest part was located in the valve of the IJV. Color Doppler flow imaging showed rich blood flow signals inside the mass with a downward direction. Pulse wave Doppler demonstrated that it was arterial blood flow inside the mass with a low resistance index (fig 1) . All of these ultrasonographic findings indicated the mass was a solid tumor with a rich blood supply.
The following high-resolution computer tomography (CT) scan showed a large soft tissue density mass in the left neck with local bone destruction in skull base. MRI showed that the high T2 signal of the tumor and the multiple flow voids formed mixed signals, which were described as "salt and pepper" appearance [6] (fig 2) . The final radiologic impression of the mass was a glomus jugulare tumor.
The patient finally underwent resection. During operation, the surgeons found the mass did not erode the venous wall of IJV. The mass was completely excised. Pathological diagnosis verified the mass was a GJT.
Discussions
GJT is also referred to as paraganglioma or a chemical receptor tumor. It has a female dominance of about 3:1 and mainly afflicts people in midlife [2, 7] . The most common symptoms of GJT are tinnitus and aural pulsations, dizziness, decreased hearing. The initial clinical presentations are insidious even if GJT reach a large size. Accurate and comprehensive imaging evaluation is the key for the diagnosis of GJT. Because the mass is located in the skull base and ultrasound cannot penetrate the bone, GJT is most commonly found by other imaging techniques [4] [5] . In our case the GJT was giant size, located in the jugular foramen, and extended inferiorly to the end of the IJV -these were the reasons why it was clearly detected by ultrasonography.
Despite the fact that by ultrasound the origin of the mass could not be evaluated, we considered it may be a benign tumor, originating from the base of skull. There were three reasons that explained our consideration. First, the mass was top-down growing in the IJV but we could not find the origin of the mass in the extracranial IJV. Second, the artery blood flow signals inside the mass are downward and consistent with a low resistance index. Third, the mass had not eroded the wall of the IJV. It was interpreted as an important imaging manifestation reflecting the soft and benign biological behaviour of the tumor. The following radiological imaging and pathology verified the mass was a GJT.
Due to the rarity of a giant GJT extended into the IJV, at the time of this manuscript writing, our search of the English language literature revealed only 2 individual cases reporting ultrasonographic findings of GJT [8, 9] . Until now, the characteristic ultrasonographic appearance of GJT has not been systematically summarized. We revised the previous reports and summarized the ultrasonographic findings of GJT. In general, GJT displayed as a hypoechoic mass elongated into the IJV from the jugular foramen. The mass does not invade the venous wall though it has reached a large size. There were rich blood supplies in the mass and the blood flows are downwardly directed. These findings were displayed in all 3 cases.
The most common mass within the IJV is thrombus. Ultrasonography can easily differentiate a tumor from thrombus because there is no blood flow in the latter. Primary tumors of the IJV are extremely rare and ultra- sonography can show the relation between tumors and IJV walls. Tumors in the IJV almost always originate from cervical soft tissue and head. Tumors that originate from cervical soft tissue usually invade the wall of the IJV. For tumors that originate from intracranial tissue, it is hard for ultrasonography to determine their origin, but the elongated mass into the IJV from the jugular foramen can be found. The most common type of jugular foramen tumor elongated into the IJV are meningioma and schwannoma. Hypervascularity has been considered to be a helpful criterion for establishing the diagnosis of a GJT by ultrasonography [8] . MRI is much more reliable in the differential diagnosis of jugular foramen tumors. MRI can clearly show the intracranial and extracranial parts of the tumor and the surrounding tissues. In MRI images, the high signal of the tumor and the low signal of the multiple flow voids form so-called "salt and pepper" sign, which is the characteristic appearance of GJT. Schwannoma usually has a characteristic well circumscribed, elongated configuration following the course of the cranial nerves of origin and the rat tail sign refers to the characteristic appearance of meningioma. These characteristic appearances make MRI often able to identify these tumors before operation [10] .
In conclusion, GJTs extended into IJV are rare and ultrasonography is usually the initial method used to detect these masses. Ultrasonography can easily differentiate them from thrombus and cervical soft tissue tumors but it is hard for ultrasonography to determine their origin. MRI is helpful in reaching the correct diagnosis before operation.
